Recently, in the more highly structured host-guest complex systems, chiral recognition has been detected by Sawada and his co-workers using fast atom bombardment mass spectrometry (FAB-MS) and electrospray ionization mass spectrometry (ESI-MS). [1] [2] In this reports, the enantiomer-labeled (EL) guest method is utilized. This method requires isotopic labeling of one of the guest (G The larger the I R /I S-dn value from unity, the higher the degree of chiral recognition of the host. (2) In contrast, IRIS < 1.0 means that a given chiral host binds more strongly the (S)-enantiomer of a given guests; (S)-enantiomer preference. (3) IRIS = 1.0 ± 0.05 means that a given chiral host compound cannot differentiate the chirality of the given guests.
The new chiral crown ether host 5 was designed and synthesized in such a way that the interaction options available for the incoming chiral guest are limited. The synthesis of the new chiral bis-pyridino-18-crown-6 5, substituted with urea and diphenyl substituents, is summarized in Scheme 1.
Diol 1 was synthesized from (S)-(+)-mandelic acid over 5 steps by using the method which was reported by us previously.
3 Diol 1 was coupled with diiodide 8 using sodium hydride in THF to obtain bispyridino-18-crown-6 3 in 58% yield. The diiodide 8 was prepared from chelidamic acid (6) . Esterification of the chelidamic acid (6), by using ethanol and sulfuric acid, followed by alkylation, by using 7-bromoheptanenitrile and potassium carbonate, provided compound 7 in 65% yield. The resulting ester 7 was treated with sodium borohydride followed by thionyl chloride and sodium iodide to generate the diiodide 8 in 45% overall yield.
The nitrile group of the macrocycle 3 was reduced to amine 4 with LiAlH 4 and diethyl ether in 57% yield. Treatment of the reduced primary amine 4 with ethyl isocyanate provided the desired chiral host 5 4 substituted with urea and diphenyl groups as final product in 30% yield.
Another new chiral bis-pyridino-18-crown-6 2, with only diphenyl substituents, was also synthesized to be compared with the chiral crown ether 5. Diol 1 was coupled with 2,6-bis(iodomethyl)pyridine 13 using sodium hydride in THF to obtain bispyridino-18-crown-6 2 in 47% yield.
A typical solution of FAB-MS sample was prepared by mixing the following three solutions: (1) 3. All of the amino acid methyl ester hydrochlorides, guests, were synthesized and purified according to the previously reported methods 5 using commercially available (SigmaAldrich) (R)-amino acids and (S)-amino acids. In case of (S)-amino acids, the amino acids were treated with CD 3 OD and anhydrous HCl gas to generate the isotopic labeled (S-d3)-amino acid methyl ester hydrochlorides.
Results and Discussion
The structures of newly synthesized chiral macrocycles 5 and 2 were identified by 1 H-NMR, 13 C-NMR, and FAB-MS. The new chiral bis-pyridino-18-crown-6 5, substituted with urea and diphenyl groups, was selected as the host compound. Another new chiral bis-pyridino-18-crown-6 2, with only diphenyl substituents, was also used as the host compound to be compared with the macrocycle 5. Isotopic labeled (S-d3)-methyl ester hydrochlorides and unlabeled (R)-amino methyl ester hydrochlorides of leucine, phenylglycine, and phenylalanine were chosen as the chiral guest compounds. The length of the chain which connects the urea and the macrocycle was chosen by using HyperChem for the optimal binding of the final macrocycles with the amino acid methyl ester hydrochlorides. 6 The results of the chiral recognition properties of the hosts toward the employed guests were listed in Table 1 . The chiral host 5 exhibits IRIS values ranging from 1.12 to 1.44, which means preference of binding with (R)-enantiomer as like our expectation. In case of the chiral host 2, the IRIS values for chiral recognition were lower than those of the host 5.
The complex, between the macrocycle 5 and amino acid methyl ester hydrochloride, is possible to have tripod hydrogen bonding between the one nitrogen and two oxygen of the host and three hydrogen of the ammonium cation of the guest. In addition to this, another hydrogen bonding interactions between urea hydrogens of the host and ester oxygen of the guest could be possible to exist. With these possible hydrogen bonding interactions between the chiral macrocycle 5 and the amino acid methyl ester hydrochloride, the complex with the (R)-amino acid methyl ester hydrochloride will have less severe steric repulsion between the alkyl group on the chiral carbon of the guest and the phenyl group of the host as compared to that with the (S-d3)-amino acid methyl ester hydrochloride.
In summary, we successfully synthesized new chiral macrocycles, and evaluated their ability of chiral molecular recognition using fast atom bombardment mass spectrometry (FAB-MS) enantiomerlabeled (EL) guest method. The host showed (R)-enantiomer preference as like our expectation. Averaged with two measuring using two sample solutions prepared separately. For one measurement, the IRIS value was obtained from an average of those of three scans (Nos. 10, 20, 30).
